Summary. This study examines the effects of pig follicular fluid on the maturation of pig oocytes and on their subsequent fertilizing and developmental capacity in vitro. The addition of pig follicular fluid or its fractions obtained by ultrafiltration, gel filtration and ion-exchange chromatography to maturation medium significantly increased the rates of nuclear maturation, normal fertilization and normal cleavage of pig oocytes after fertilization in vitro: the rates of normal fertilization and cleavage were 2\p=n-\4times higher than those in the control medium. The efficacy of pig follicular fluid was lost after heating at 56\s=deg\Cfor 30 min, whereas no significant decrease in activity was observed after defatting. In addition, the effective component(s) was partially purified by ultrafiltration, gel filtration and ion-exchange chromatography: the activity was observed in the fraction (UF2; Mr 10 000\p=n-\20000) obtained by ultrafiltration. Activity was found in the first fraction (G1) obtained by gel filtration of UF2. Among three fractions obtained by ion-exchange chromatography of Gl, only the third fraction had the activity. The results indicate that pig follicular fluid contains an acidic substance(s) (Mr 10 000\p=n-\200 000) that promotes oocyte maturation.
Introduction
Study of the cellular and molecular factors operating during oocyte maturation and fertilization provide the basis for defining conditions for production of embryos in vitro and for their possible application in basic research and animal breeding.
Pig oocytes have been shown to mature, fertilize and develop in vitro (Matiolli et al., 1989; Nagai et al., 1990; Yoshida et al., 1990) . However, the occurrence of abnormal maturation and fertilization, e.g. heterogeneous maturation of oocytes (Sato et al., 1978; Yoshida et al., 1989) , chromosomal abnormality (McGaughey & Polge, 1971) , polyspermy and polygyny (Yoshida et al., 1990 ) is higher in oocytes matured in vitro than in oocytes matured in vivo.
However, mammalian oocytes are bathed in follicular fluid during maturation and pig follicular fluid has been shown to inhibit oocyte maturation (Tsafriri & Channing, 1975; Stone et al., 1978; Tsafriri et al., 1982) . However, Westergaard et al. (1984) reported that human follicular fluid contained a substance that induced meiosis. Moreover, the addition of pig follicular fluid to maturation medium promoted maturation and fertilization of mouse (Eppig & Schroeder, 1986) and pig oocytes (Naito et al., 1988) in vitro.
The objective of this study was to examine the effects of pig follicular fluid on the maturation of pig oocytes and their subsequent fertilizing and developmental capacity in vitro.
Materials and Methods
Methods for in vitro maturation and fertilization of oocytes were based on those described by Yoshida et al (1990) .
Collection of oocytes and pig follicular fluid Ovaries were collected from prepubertal gilts at a local abattoir and transported to the laboratory in 0-9% (w/v) NaCl containing 100 mg kanamycin sulfate 1_1 (Meiji Seika, Tokyo, Japan) at 35°C. Within 2 h of slaughter, the content of follicles (2-5 mm diameter) were recovered by aspiration, using a 21-gauge needle (Terumo Co., Tokyo, Japan) and a 5 ml disposable syringe (Nipro, Osaka, Japan). The oocyte-cumuius complexes were gathered from the follicular contents and washed twice with Medium PB1 (Whittingham, 1971) 
Maturation, fertilization and culture in vitro
In all experiments, oocytes were cultured in maturation medium supplemented with or without pig follicular fluid and with or without fractions of pig follicular fluid. Before insemination oocytes (10-15) were transferred to a drop of maturation medium (0-2 ml) in a polystyrene dish (35 mm: Becton Dickinson Labware, Oxnard, CA, USA) and cultured for 36 h. After incubation, cumulus expansion was determined by an inverted microscope (Olympus Co., Tokyo, Japan). Oocytes (25) (26) (27) (28) (29) (30) (31) (32) (33) (34) (35) were then transferred to fertilization medium (20ml) covered with paraffin oil (Nakarai Tesque, Inc., Kyoto, Japan). The spermatozoa were first diluted to 2 IO7 cells ml" ' and then introduced into the fertilization medium to a final concentration of 5 IO5 cells ml" '. In Expt 5, oocytes were washed twice with embryo culture medium 6-7 h after insemination and the group of 5-10 oocytes was transferred to a drop of embryo culture medium (01 ml). Oocytes were cultured for 18 h or 42 h after insemination. Island, NY, USA). The pH of medium after equilibration with 5% C02 in air was 7-4. Medium B, adjusted to pH 7-8, was used for sperm preincubation and medium supplemented with 10 iu pregnant mares' serum gonadotrophin ml"1 (Teikoku Zoki Co., Tokyo, Japan), 10iu human chorionic gonadotrophin ml"1 (Teikoku Zoki) and 1 µg oestradiol ml" ' (E2: Sigma) was used for maturation. In all experiments, the concentration of pig follicular fluid or its fractions added to maturation medium was 10% (v/v). Medium supplemented with 2 mmol caffeine l"1 (Wako) was used for fertilization. Embryo culture medium consisted of 90% (v/v) TCM-199 with Earl's salt supple¬ mented with 40 mg sodium pyruvate l"1, 3-7 ml sodium lactate l"1 (60% syrup; Sigma), 100 mg dibekacin sulfate l"1 and 10% (v/v) 
Results

Experiment 1
The effects of untreated, heated or defatted pig follicular fluid on maturation and fertilization of pig oocytes in vitro were examined. When pig follicular fluid or defatted pig follicular fluid was added to the maturation medium, the rates of cumulus expansion and nuclear maturation of oocytes were significantly higher ( < 001), and the rate of polygynic fertilization was significantly lower (P < 001) than the rates for oocytes in the medium without follicular fluid (control) (Table  1) . However, the efficacy was lost after heating at 56°C for 30 min. (Table 2) showed that, although the rate of cumulus expansion in the medium with UFI was significantly higher (P < 001) than that in the control medium, the effect of pig follicular fluid was observed only in the medium with UF2. 
Experiment 4
This experiment examined the effects of fractions of pig follicular fluid obtained by ionexchange chromatography on maturation and fertilization of pig oocytes in vitro. The efficacy of pig follicular fluid was found only in the medium with DA3 (third eluted fraction) (Table 4) .
Experiment 5
This experiment examined the effects of pig follicular fluid and fractions of this fluid (UF2 and DA3) on the developmental capacity of pig oocytes matured and fertilized in vitro (Table 5 ). The rates of nuclear maturation and normal fertilization in the medium with pig follicular fluid or its fractions were significantly higher than those in the control medium 18 h after insemination bIn oocytes fertilized.
*P < 005 compared with the control value; **P < 001 compared with the control value.
(P < 001). At 42 h after insemination, the rate of cleavage of embryos derived from oocytes matured in the presence of pig follicular fluid or its fractions did not differ from that in the controls. However, the rate of normal cleavage of embryos derived from oocytes matured in the presence of pig follicular fluid or its fractions was significantly higher than that in the controls (P < 001). (Eppig & Schroeder, 1986) and pig oocytes (Naito et ai, 1988) in vitro. Although our results confirm the previous study, the efficacy of pig follicular fluid observed in this study is different, since oocytes were found to form male pronuclei after in vitro fertilization (Naito et al., 1988) . Namely, the efficacy of pig follicular fluid on nuclear maturation is greater than that on male pronuclei formation in this study. The reason for this is unclear, but might be due to the differences between the conditions of culture (e.g. the duration of culture and the type of medium), the concentration of pig follicular fluid added to the medium (10% versus 100%) and the substance(s).
In culture of immature pig oocytes in vitro, the time required for nuclear maturation varies among oocytes (Sato et al., 1978; Yoshida et al., 1989) and the occurrence of chromosomal abnormalities such as diploid nucleus is high (McGaughey & Polge, 1971) . In addition, the occurrence of polygyny is due to the fertilization of immature or aged oocytes (Bedford, 1982) and polygyny results from failure of the first or second polar body to extrude (Xu & Greve, 1988) . It is therefore possible that pig follicular fluid effectively prevents those defects during culture in vitro and this results in a supply of healthy oocytes to achieve the normal fertilization and development after fertilization in vitro seen in this study: it is probable that pig follicular fluid was effective in regulating or accelerating the time of polar body emission and resulted in a high frequency of fertilized pig embryos subsequent to the two-cell to four-cell stage. However, it is reported that glycosaminoglycans isolated from bovine or pig follicular fluid increased the viability of mouse and pig oocytes (Sato et al., 1987 (Sato et al., , 1990 . Glycosaminoglycans are heat stable (60°C for 24 h), but the efficacy of pig follicular fluid detected in this study was lost after heating (Expt 1), indicating that the substance(s) from pig follicular fluid in this study is not a glycosaminoglycan. The effect of pig follicular fluid on cumulus expansion was maintained after heating and observed in the fraction with molecular weight > 200 000, whereas that for nuclear maturation was lost after heating. Since the addition of substrates for hyaluronic acid synthesis to maturation medium enhances the cumulus expansion of mouse oocytes in vitro (Chen et al., 1990) , pig follicular fluid contains several substrates that enhance cumulus expansion of pig oocytecumulus complexes. However, it is unlikely that cumulus expansion promotes the viability of pig oocytes and that this results in nuclear maturation, because the increasing rates of cumulus expansion do not correlate with the enhancement of nuclear maturation.
In conclusion, these results indicate that pig follicular fluid has beneficial effects on maturation of oocytes in vitro and on the production of embryos after fertilization in vitro. However, further studies are necessary to identify the substance(s) in pig follicular fluid and clarify its mechanism of action on oocyte maturation.
